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SUMMaRY

The work carried out unaer Contract NAS 3-2532 during Ma*:jch,v 1963

is summarized below:

1. Long-term Tests of the Vaporization and Emission of UC-ZrC and

W -clad UC in Cesium Vapor.

1.1 Rate of Vaporization of UC-ZrC in Cesium Vayor.

‘ Another 100-hr run has been made at 2083°K in cesium
vapo;' at a pressui'e of 1.8 torr with a nominal 90 UC - 10 ZrC sample

B’l-s of 95.5% theoretical density*,

1.2 Emission Stability of UC-ZrC afid W-clad UC in Cesium
Vapor. - ' T

Q

- Test of the first life-test cell containing a 90 UC - 10 ZrC
sampie (A3-l) was discontinued after abou1':1500'h'r -pe;:atfée l'éalcage de-..
veloped in the tantalum partition-between the cell and the electron-gun
compartment, and in the tantalum sheath of the W-(W-Re) t1:1ermocouple. 4
The second life-test cell is heing'assembled. A UC wafer clad with vapor-

deposited tungsten will be used as the cathode.

2. ‘Studies of the High-Temperature Properties of UGC-ZrC.

2.1 Effect of Porosity on the Vaporization and Electron”Emission.

Properties of UC-ZrC in Vacuum. - s

- Measurements have been completed on the vacuum rate of
vaporization of a low-density** 30 UC - 70 ZrC (nominal composition)
sample Bl-9 made by cold-pressing and sintering. The vacuum emission

of the same sample is being measured.

~

2.2 Redeposition Studies.

- A physical redeposiition study using a UC cathode and a Ni

anode has been initiated. The cooling ~f the anode by compressed air was

* Based on the theoretical density of the nominal composition, )
*% About 84% density before the vaporization runs, based on the theoretical
density of the nominal composition. ‘
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found to be inadequate for long-term runs. This is being changed to
water cooling through a thermal barrier. y

2.3 Thermionic Emission Microscopy. ‘ :

Preliminary examinations have been made on the emission

pattern from the polished surface of a hyperstoichiometric UC sample. 5

2.4 High-Temperature Mechanical Properties.

The sample testing fixtures were incorporated into the

furnace and tested at 180006. Minor mechanical difﬁculties encountered = ..

‘have been solved.. Machining techniques for putting fla.s on cylindrical i

carbon pieces have been developed for preparing a large number of samplés~

for the test.

3. Irradiation Studies.

P ]

" 3.1 Unclaﬁ Carbide Capsule.

‘The irradiation of the unclad carbide capsule is proceeding

‘satisfactorily in GETR. - i ’ 7 ‘

3.2 Clad Capsule. .

Ti;e carbide fuel bodies have been prepared. - Cladding of

these fuels with vapor-deposited tungsten and machined 98 wi-% W- - 2 wt-%

Mo alloy is in progress.

4! Studies of New Cathode Materials.

4,1. Vacuum Emission and Vaporization,

The vacuum emission of sa;'r;ﬁ]:_e_ DZ-I (ﬂMoCZ, stoichi-

ometric) was measured after the study of its vacuum vaporization S

" characteristics, ' .
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4,2 Diffusion.

’ The compatibility between 98 wt-% W - 2 wt-% Mo alloy and
UC-ZrC {90 UC - 10 Z»C and 30 UC - 70 ZrC) was studied (Run D2-4) at
ISOO?C for a period of 24 hr. The removal of quenched-in uranium in
‘metal-rich UC and 90 UC - 10 ZrC samples by thermal treatments was

investigated.

4,3 Diffusion-Emission.

Sample D3-l (vapor-deposited tungsten-clad UC containing

e b n

5.02 wt-% carbon, 838 hr at 1800°Cr) has been set up for microprobe

o

analysis. Two hypostoichiometric UC wafers (4.70 wt-% C) are being

coated with tungsten for diffusion-emissic;n studies. -

Dl R P L N o
i L TR

‘5. Fabrication Development.

,‘,::;;ﬂ\.,u %

Main efforts have been devoted to the fabrication of th’e samples for

g

[

the clad irradiation capsule.

1. EXPERIMENTAL PROGRAM. 1

This monthly progréss report covers the work accomblished during ‘
the period March 1 to March 31, 19/_63 under Contract NAS 3-2532. "The ;5
purpose of this contract is to continue the efforts made under Contract :;
NAS 5-1253(‘1) and NAS 3-2310(2) for establishing the feasibility of the ;r
UC-ZrC and the W-clad UC thermionic cathode system and to develop new 3
cathode materials. The subjects to be studied are:(1) long-term (s-lOOQ hr) }
tests of the vaporization and emission stability of the UC—ZrC and the W- ) ~;
clad UC systeﬁs in the presence of cesium vapor; (2) studies of the con- : ‘*
trolling factors of the vaporization, emission, and mechaniqal,:properties V,v J
of the UC-ZxrC systems; (3) studies of the irradiation properties of the = _ﬁ

UC-ZrC and the W-clad UC systems; (4) studjﬂes of the vaporizé.tion, _ -
emisgi’or;, and diffusion proi:erties of new cathode materials; and (5) de~ -

velopment of fabrication techniques for controlling the structures and
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compositions of samples used in these studies.

1. Lgxlg-term Tests.

1.1 Rate of Vaporization of UC-ZrC in Cesium Environment.

Previously the presence of cesium vapor at a pressure of
1.8 torr was found to reduce the rate of vaporization of a 90 UC - 10 ZxC

. sample (A -la, 93.4% density) at 2093°k by a factor of 6 during a 100-hr

3
run( ). 71‘0 check this finding, another 100-hr run was made under similar

conditions at 2083°K with a different 90 UC - 10 ZrC sample (B -3A 95, 5%

density) whose vacuum vaporization characteristics have been stud1ed during

{4

the first quarter of this contract' '. Prior to the ,run in cesium, the ra.te of

vapdrzizatioh of Bl-3 in vacuum was mea’sured again at 2083°K and found'to

agree with the previous resuit. The data obtained in the presence of cesium,
however, indicated that the reductmn in vaporization loss was only a factor
of 1.4 mstead of 6, After the cesium run, tI.}e vacuum vaporization rate of
B1-3 was remeasured at 2073°K. Strangely, the rate was five times higher

than that for Bl -3 before the cesium run. The reason for this increasein

vaponzatmn rate is not clear at this moment. Studies are being centinued

on the vacuum vaponza.tmn of B.-3 to determlne whether this increase in-

1
rate of vaporization is permanent. Irrespective of what the factor of re-

duction is, the observed rate of vaporization of Bl-'3 in cesium at 1.8 torr
pressure and 2083°Kk is 9.44 x 10"9 gm/cmz/éec as compared to 7.37 x

10 9gm/cm /sec for that of A_-la at 2093°K, both of which are higher than

1
the goal of 10 -9 gm/cm /sec. Preparation is underway for another 100~hr

run with a new 90 UC - 10 ZrC sample at 1,8 torr cesium'pressuré and .

2083°K. Two cells similar to the redeposition cell (Fig. 13 and Fig. 14 of
(3

A the second quarterly report

))#ha.ve been fabricated for the 1000-hr runs,

1.2 Emission Stability of UC-ZrC and W-clad UC in Cesium
. Vapor. ! .

Attempts were made -to regenerate the 90 UC ~ 10 ZrC -

(A3-1) sample in the first life-test cell by thermal treatment after freezing

T A A MAN VI B ANE Y At S o e 4o
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out the cesium. The chéck of the emission of the treated emitter was un-

successful, indicating that leakage probably had developed in some cell

R

components. The test was therefore terminated after about 500 hr and the :
i cell cut open. It was found that leakage had occurred both in the tantalum

partition between the cell and the electron-gun compartment and in the

TEOMRRND e ey

tantalum sheath of the thermocouple used for monitoring the emitter tempes -
ature. The cause of these leaks was traced to a faulty metal gasket used to

seal the joint between the elec‘tron-gun compartment and the vacuum system. . .

FRpu—

7 The gasket developed a small leak which led to the embrittlement of the
: tanfgalum partition and the tantalum sheath of the thermocouple. i ‘ :
i . " The second life-test cell is being assembled. A UC wafer clad with - :
: valior;-deppsited tungsten will be used as the emitter,.

2. Studies of the High-Temperature Properties of UC-ZxC,

-
>

2.1 Effect of Porosity on the Vaporization and Electron Emission :

PR P S N S

Properties of UC-ZrC in Vacuum.

Measurements have been made on the rate of vaporization
of a low-density* cold-pressed and sintered nominal 30 UC - 70 ZrC
sample (Bl-9).‘ The vesults are shown in Table 1 and plotted in Fig. 1
together with those for sample B1-7 (27.4UC - 72.6 ZrC, 90% density,
open pore = 33.5% of total void) for comparison. It is interesting to note
that not only the rate of vaporization of B1-9 is higher than that:of Bl-'l,« : .
but; also the slope of the plot for B1-9 is different from that for Bl-7;
Currently the vacuum emission of B1-9 is being measured, The final
composition and pore structures of B1-9 will be determined after the -

-

completion of the emission measurements,

2.2 Redeposition Studies.

A physical redeposition run has been made between a UC

_cathode at 1730°C and a Ni anode at 780°C in the all-metal cell shown in

[3)

Fig. 13 and Fig. 14 of the second quarterly report ~'. The anode

temperatur& was maintained by adjusting the rate of flow of the compressed‘

. ° . *About 84% density before the vaporization runs, based on the theoretical s
' . densgity of the nominal! composgition. S
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air impinging against the back of the anode. The cell operated satisfactorily
for a period of 72 hr before a leak developed at the point where the Ni-
sheathed Chromel-Alumel thermocouple was welded to the center of the
anode suriace and where the compressed air coolant impinged on. Itis

felt that air cooling is probably not suitable for a Ni anode operating at high
temperatures., An arrangement for cooling the an;ode' with water through a
metal thermal barrier has been constructed. This i5s being tested at this

moment in the same cell containing a UC cathode and a Ni anode.

2.3 Thermionic Tmission Microscopy.

A hyperstoichiometric UC sample was polished and ex-~
amined in the microscope at 1700°K. Heterogeneity of the emitting surface
was demonstrated and fine pearlite-like structures were vbserved in some
of the crystal grains. The émission pattern changed gradually under con-
tinous heating and applying the accelerating potential. In a few hours, the
surfaée of the sample seemed to become quite pbrous. Correlation of

these observations with metallographic examinations is being pursued.

2.4 High-Temperature Mechanical Properties,

The sample testing fixtures have been incorporated into
the furnace and heated to 1800°C for 'shakedown' evaluation of the equip-
ment. Minor mechanical difficulties were observed in the loosening of
the bottom testing fixture and swelling of the sample loading tube in its
guide. In addition, the bottom of the furnace was found to be uneven so
that the stability of the whole furnace may be affected during the testing.
Necessary corrections and refitting were therefore made and all these
difficulties have been overcéme.

Machining techniques for putting flats on the 1/4-in.-diameter and
1-1/4-in. -long:test bars have been developed using electrodis;:harge

machining. Six bars can be machined in one operation. Tests on 10 UC -

90 ZrC bars will be initiated shortly.
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3, Irradiation Studies.

3.1 Unclad Carbide Capsule.

The irradiation of the unclad carbide capsule GA2-306-~1F1
started in GETR on March 4, 1963, All the thermocouples operated satis-
fagtorily. The temperatures recorded by each of the tour W- (74 W-26 Re)
thermoccuples during March, 1963, are plotted in Fig, 2 (a), (b), (c) and
(d). The RAFT facility was not in use until March 8, 1963, because of the
need of some additional thermal stress calculations by GETR betore the‘
temperatures of‘the outer Inconel can could be raised to above 1000°F,
Although it is too premature to speculate on the conditions of the samgl:s
in each pin from tl';e thérmocouple data shown in Fig. 2, the info: mation
does indicate that: A .

(1) Al the‘thermocouple readings declined near the end of the reactor
cycle, probably due to the change of the neutron flux density and distribution
in the reactor. :

(2) The low-density pin containing No. 10 thermocouple stayed in the

temperature range of 1700 to 1800°C for most of the cycle,

(3) The temperature of the high~density pin, as shown by the read-
ings of thermocouple No. 9, decreased stea.dily from March 8 to below
1300°¢C near the end of the cycle, 1nd1Ca.t1ng an mcreasmg loss of heat
(probably due to fuel swelling) from the high-density carbide samples.

(4) The two thermocouples (No. 7 and No, 8) in the medium-density
pin, for some unknown reasons, do ﬁot register similarly. The readings

of both dropped to aboat 1450°C near the end of the cycle, probably due to

the change of the neutron flux conditions in the reactor. *

The seccnd cycle will commence during the first week of Apri] and

will end by about the first week of May, 1963.

* The temperature drop is probably not due to fuel swelling, since when
GETR restarted, o1:he temperatures of thermocouples No. 7 and No. 8

went back to 1700°C and 1650°C, respectively. Thermocouple No. 9,
however, registered only 1350 C.
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3.2 Clad Capsule.

3.2.1 Vapor-deposited tungsten-clad samples.

All the carbide fuel bodies have been prepared.

Cladding of these fuel pieces by vapor-deposited tungsten a.éco*:ding to
the configuration shown in Fig. 30 (b) of the second quarterly report(3) ran
into some cifficulties., It was discovered that HZFZ which is the gaseous
product of the coating process using WF6 + HZ' became trapped inside the
void maintained by the tungsten preform and severe corrosion of the carbide
resulted. This difficulty was overcome by first se .ling the carbide with a
thin layer (0.003 in.) of tungsten under conditions where the contact between
the carbide and the HZFZ formed was minimized. During the buildup of

_ the thickness of the coating by the normal procedures, this thin seal -coating
prevented the HZFZ trapped inside the void from reacting with the carbide.
Since the seal-coating is very thiu, it is felt that it should not stop the

" fission gases from leaving the fuel ard gbing into the void once the fission
gas pressure is built up in the fuel. - Béca;se oi the addition of this seal-~

coating, the tungsten baffles used for limiting fuel redistrii;ution in the

clad can during the irradiation are eliminated.

The coating gases consist of a mixture of WF() + Hz‘fHe at a total
pressure of about 1/2 atm., which has been freed from ox&éan and moisture
contaminations., During “the seal-coating period, the veloc;‘ty_ of the gas
. flow is maintained high i'n;o.rder to sweep away as far «& p_nss’ible the
corrosive.reaction product 1;12'_1"6 {ormed, and the tempe{:i ture of the sample
is maintained low (350 to 40006) so that the rate of HZF;& iormation is low,
Because of the low temperature used, the rate of coating is consequently -
also low. The seal-coated sample is then placed inside the tungsten pre-
forms and encapsulated a;t-about.'/Ochc. After the-r.oat-ed sample is cooled
to room temperature, a sma—ll holeris drilled into one of its flat faces, and

the sample is outgassed at 1800°C. The hole is then plugged with a small

tungsten pin and sealed with Pt braze. 7
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Several :seal-coated specimens have been examined; no attack of
the carbide was observed. Two seal-coated specimens were placed in
prefcrms, encapsulated and outgassed as described above. Aftzr sectioning,
the carbide pieces were found to be in very good shape., These results es-
tablish the soundness of the procedures mentioned above for ihe
cladding of carbide fuels with tungsten by the thermochemical technique.
Coating of the UC, 90 UC ~ 10 ZrC, 30 UC - 70 ZrC samples is being
carried out at San Fernando Laboratory. The noating cf UO2 spherica}l
particles by vapor-deposited tungsten has also been attempted at San
Fernando Laboratory. Results obtained to d:.te indicate that a certain
amount of developmental work is needed before a satisfactory procedure
can be established. To meet the irradiation schedule, both th_e W--UO‘2 and : e
the W-UC cermets will be fabricated from a blended mixture of tungsten

powder and the fuel particles, as described in the second quarterly report(g). é_

3.2,2 98 wt-% W. - 2 wt-% Mo él_loy clad samples.

The samples are being fabricated according to i:he

configuration of Fig. 33 (b) in the second quarterly report(3). i1 the alloy

cups and caps have been machined. Compatibility studies as described in

(3

the second quarterly report ) and in Section 4.2 of this report, indicate

that UC and 90 UC - 10 ZrC interact with this alloy at 1800°C and that a
very slight amount of interaction has also been observed between this alloy 1
and 30 UC - 70 ZrC. On the basis of these observations, it has been de-

cided that the fuels used in the alloy clad irradiation samples will be

limited to 30 UC - 70 ZrC, W-UC cermet, and W-UO, cermet, Further- . -
rore, the inside surface of each alloy can will be coated with 0.003.3n, -
thick vapor-deposited tungsten to minimize the chance of clad-fuel inter-
action. Since the fuel pieces will not be seal-coated with va‘por-déposited

tungsten, tungsten baffles will be used to limit the redistribution of fuels

in the clad can during the irradiation. The 30 UC - 70 ZrC fuel pieces

have been fabricated. The cermet fuels, 1s stoted in Section 3.2.1, will .
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be fabricated from a blended mixture of tungsten powder andA the fuel
ﬁarﬁcles. Tungsten coating of the inside surface of the alloy cups is
being carried out at San Fernando Laboratory. After the fuel pieces are_
loaded into the alloy cups, the caps will be diffacion-bonded to the fueled
cups by using 74 W - 26 Re alloy as an intermediate layer, as stafed‘ in

the second quarterly report( )

4. Studies of New Cathods Materials.

- 4.1 Vacuum Emiasion and Vaporization.

The vacuum enussxon of the hot-pressed sttnclnometnc

UMoC sample D,-2 (88. 9% dens:ty) has been measured after the

comple_tl_on of its vactmn_l vaporization stmh_es. The results are shown in
Fig. 3. Includéd in the same figure for comparison are the va;cimm

emission data of the hot-pressed carbon-rich UMoC sample D -1 (U0 2 4

0 ZZCO 5 4; dﬂd the vacuum etmssxon data for:the hot pressed 30 UC -

" 70 ZrC (90-% denmty) sample B,-1. - These results fall closély to one-

1 ,
another, supporﬁng the theory that the emission is primarily due to the

“presence of uranium in the sample. UC-NbC and UC-~TaC contaunng

90 mol-% UC and 30 mol- % UC have been prepared by cold-pressing and

s1nter1ng. Studies of the vacuum vaporization ra.tes of the UC-NbC
samples_ will be untxated as soon as the varbide pleces are cavitroned to _

the desired sxze.

4.2 Diffusion.

"4,2.1 Studies of removal of quénclied-in uranium f[rom
s met;al-riéh'UC and UC-ZrC by thermal treatments. .
{3

runs at_ 1800 o] for 24 hr were carried out to study the sultab;hty of 85 wt-% W -
15 wt-% Mo and 98 wt-% W - Z wt- % Mo alloys as candidates for the cla,ddmg of

In the second quarterly repor » two compat:bxhty

-~

O
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uranium carbidé reactor fuels;

Briefly, the results may be summarized as follows:

(1) UC, in contact with both 98 wt-% W - 2 wt-% Mo and 85 wt-% W -
15 wt-% Mo, developed an extensive grain boundary liAquid phase associateci
with radical grain growth.

(2) Both 98 wt-% W - 2 wt-% Mo and 85 wt-% W - 15 wt-% Mo alloys
were attacked by reaction with the uranium carbide and were penetrated
throughout by a liquid phase thought to be a ul;anium—molybdenum alloy.
This liquid phase was seen at a large pefcentage of the triple grain boundary
intersections. i 7

‘(3) UC in contact with pure tungsten showed hqmd-phase formation.
The liquid did not penetrate the tung sten, '

Several hypotheses were made to explain the formation of a hqtud

phase in the uranium carbide. These were: (1} The smgle-phase structure )

of the- metal rich carbide used was due to a quenched-m high- temperature
solubility for uranium metal which easily migrated to the 98 wt-% W -
2:wti—'%lMo or 85 wt-% W - 15 wt-% Mo alloy and alloyed with Mo.

(2) Nitrogen and oxyget; were present in the uraniam carbide in sufficient

quantities to hold uranium as UN and UO in soluuon with UC to give a
single -phase structure‘ It was then gettered by the test alloys to precipitate
liquid uranium. (3) Carbon, because of an act:w:ty gradlent, migrated

from the carbide to the test alloys, leaving t;)/e carbide so inetal-rich as to

precipitate uranium. - /

During this reporting period, procedures were established and
completed to check the first hypothesis. ’

;‘Thermal treatment of uranium carbide.

A sample of the metal-rich g;anium carbide (4.76 - 4,80% C) usedj :
for the compatibility runs referréd to above was supported on ZrC and
heated to 1800°C for 2 hr, slowly cooled to 1100°C over periofd of 2 hr,

" and then furnace-cooled to room ternperature. - The treatment was

-designed to remove a quenched-in structure and allow uranium to precipitate,

-
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Metallographic examination of the heat-treated specimen revealed that a
liquid phase was present at the edges oi the specimen. Little grain growth
had occurred. These results seemed to partially substantiate the hypothesis

of 2 quenched-in high-temperature solubility for uranium,

Thermal Ereatment of 90 UC - 10 ZxC.

Several sax.rnples of 90 UC - 10 ZrC were obtained to evaluate the
~ compatibility of this fuel material with 98 wf-% W-- 2 wt-% Mo. The material
was free from uranium inclusions and metal-rich (4.74 - 4.8 wt-%.C,
stoichiometric sample C = 5.01 wt-%).
In order to fully characterize the material prior to the compa.t1b1l1ty
~ run, the following tests were performed' ) ' B
(l) A- sa.mple of the above chemlstry, supported on clean ZrC, was
heated to 1500° C for 1/2 hr, then cooled to lZ'IQ C to 1290°C and held for
8 hr to precipitate any -quenched-in metal._ Metallog'rapﬁic- examinations
- showed onlii trace amounts of preéipitgted metal at a few grain boundaries.
X Chemdcal analyées sho_wed thatA the heat-treated ;x}aterial hadies:éent‘.'ally
the sax;ne_,earbc;n content (4.72 to 4.76 wt-% C) as;before the heat treatment.
TkLis lack of change in the carbon content indica',tes that the material was
not Benefiiié_d by the evaporati.n of uranium from thé sample during this - B
‘treatment. . “
(2) The 90 UC - 10 ZrC used for the compat:bxhty test with 98 wt-% W -
2 wi-%Mo was- subJected toa heat treatment designed to remove any free
nramum from the structure by evaporation. The material was heated to -
) 1800 Cina cold wall vacuum chamber for ) hr and then cooled for ! hr at
each of the followmg tempera)tures. 1700° C,- 14?0 C. 1370°C, and’ 1270° C.

=~ Analyses for carbon, nitrogen, and oxygen are bemg obtained for tlus

material, - , oL , ‘ " .

-~

4.2.2 New Compatibility Tests at 1800°C (Run D, -4).

A further ,8eries of specimens was employed to

deterrmne if the mcompat1b111ty of 98 wt-% W -2 wt-% Mo alloy w1th UC would

[
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extend to uranium carbide fuel materials stabilized with ZrC. To accomplish
this evaluation, 90 UC - 10 ZrC and 30 GC - 70 ZrC were placed in contact
with 96 wt-% W - 2 wt-% Mo alloy at 1800°C for 24 hr in the follc;wing array:

: 30 w- | 30| w- w- 90 | w-
WHWE 20l W 2Mol 70! 2Mol WizamMo 10 |2Mo | ¥

A30UC - 70 ZxC versus W sample was included as a comparison .

= standard; this cornbination isAconsidered to be compatible for the test

§ ) = conditions. The results obtained are described as follows.

90 UC - 10 ZrC versus 98 wt-% W - 2 wt-% Mo.

(l). An éxt_ensive liquid phas.e was forme& surrounding the 90 UFJ - ;
10 ZxC graiﬁs_ in amounts much greatt;,r than could be generated by pre -:
cipitation heat tzeatment of the 90 UC - 10 ZxC not in contact with the alloy. -
: Radical grain growth occurred in the 90 UC - 10 ZxC. - Visual e;i:imati;n of '
’ ‘the amount of liquid pre sent showed less than the amount pre sent thh pure
UC in contact with 98 wtf% -2 wt-% Mo for similar test cond:ltmns.
{2) A liquid phase, thought to be a U-Mo alloy, was fpund thrqughout:,
the 98 wt-% W - 2 wt-% Mo alloy at triple grain boundary ir;tersectiqns.,
This liquid phase extended to and completely filled the W to 98 wt-% W - _

2 wt-% Mo interface.

30 UC - 70 ZrC versus 98 wt-% W - 2 wt-% Mo.

(1) The 30 UC - 70 ZrC showed essentially a single-phase structure, . .
. No large amounts of liquid phase were observed, ‘ .o
{2) The 98;wt—% W - 2 wt-% Mo revealed very small amounts of liquid o

phase atrt‘riple grain boundary intersections throughout its volume.

7 .30UC - 70 ZxC versus W. ‘ : - - - . - =

No liquid-phase formation was observed eithier in the carbide or in )

the tungsten, - :
B :‘ "Thus, 98 wt-% W - 2 vt-% Mo alloy does not appear, to be as attractive _

a clad material as pure tungsten for uranium carbide fuels, even when -

PR -
- - o
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diluted with as rauch as 70 mol-% ZrC, for reasons of a possible degra-
dation of strength due to the presence of a grain boundary liquid phase and
because fissioning would occur in this liquid phase if indeed it does contain
uranium. The incompatibility does not seem to be related to a quenched-in
high‘-temperathre soluability for uranium metal by either pure UC or 90 UC-~

10 ZrC.

4.3 Diffusion-Emission.

Sample D_-1, a hyperstoichiometric (5.02 wt-% C) UC :

3
wafer clad with vapor-deposited tungsten, which has been heated for 838 hr
at 1800°C, has been set up for microprobe analysis of any uranium penetra- -

tion info the tungsten. Two hypostofchiometric (4.70 wt-% C) UC wafers are

Jbeing coated with vapor-deposited tungsten at San Fernando Laboratory for

continuing the c_!iffusiop-emis’si:jn studies of the W versus UC system, -

FUTURE PLANS

1. Long~term Tests.

1.1 Rate of Vaporization of UC-ZrC in Cesium:Vapor.

90 UG - 10 ZrC and 30 UC - 70 ZrC samples of 85 to 90%

theoretical densities will be'preparegi by cold-pressing and sintering for

the 1000-hr runs in the two all-metal cells l_apiilt for such a purposz. Studies

of the vacuum vaporization rate of s‘élmple A_-la will be continued in order"

1

“to find out whetixer the increase in its vacuum vaporization rate by heating

in cesium is permanent. Anotther 100-hr run will be made at 1.8 torr

cesium pressure and 2083°K with a new 90 UC - 10 ZrC sample.

1.2 Emission Stability of GC-Z2rC al:ld W-clad UC ‘in Cesium
. Vapor. ” -

The second life-test cell containing a vapor-deposited - o

-

. tﬁngsten-clad;UC cathode will be assembled and operated, FParts for the

third life-test cell wiilvbe gathered for its assembling.
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2. Studies of High-temperature Properties of UC-ZrC.

LRNE IR e 4

2.1 Effect of Porosity on the Rate of Vaporization and Electron

- Emission of UC-ZrC. in Vacuum.

5 Measurements will be made on the vacuum emission of the

low'-density 30 UC - 70 ZrC sample B1-9. the vacuum vaporization rate of

P N

- which has been described in this report. The final composition and the

pore structures of Bl~9 will be determined. Studies will be initiated on the

T

vacuum vaporization rate and vacuum emission of another low-density 30 UC-~

70 ZrC sample Bl-lU prepared by cold-pressing and sintering.

z
T

2.2 Redeposition Studies,

‘Physicdl redeposition studies will be carried out between a

- UcC catliode at 1800°C and a Ni anode at various temperatures between 300

to 900°C.

-

2.3 Thermionic Emission Microscopy.

*Efforts will be made:to correlate the emission pattern and
the microstructures of UC. Studies will be initiated on the poisoning and

regeneration.of a UC emitter.

- 2.4 High-temperature Mechanical Properties. 7

Measurements will be started on the modulus of rupture of

the 10 UC - 90 ZrC samples,

3. Irradiation Studies.

3.1 Uncié.d Carbide Capsule.

. The condit{onfs of operation of the capshle in GETR will be
followed during its second irradiation’'cycle. Plans for the hot-cell ex-
amination of this capsule will be laid down, in anticipating the discharge of

this capsule by the first week of May, 1963,

-
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3.2 Clad Capsule,

The samples of the clad capsule will be fabricated and the
capsule components gathered for its assembling by the first week of

May, 1963,

4, Studies of New Cathode Materials.

4.1 Vacuum Emission and Vaporization.

The vacuum rate of vaporization of the UC~-NbC sample

will he initizicd.

4.2 Diffusion.
S?.mples fgr diffusion runs Dz-l {Re versus ucC and 75 W:;
25 Re versus UC), Dz;z (85 wt-% W - 15 wt-% Mo versus UC), D.-3

(98 wt-% W - 2 wt-% Mo versus UC) and D2-44-(98 wt-% W - 2 wt-% Mo (rersus

90 UC - 10 ZxC) will be sent for microprobe studies for esta.blishiné concen= .

tration gradients and compositions of new phages.z TKe_W—-Mo alloys (2 and

.15 wt-% Mo-) used in the diifusion runs DZ-Z; D£—3 and D_ -4 will also be

, 2
studied for any segregation of Mo at their grain boundaries,

4,3 Diffusion;Emis sion.

Sample D3-l (vapor-deposited tungsten-clad hyperstoichi-

ometric UC) will be subject to microprobe studies for any uranium diffused

. into the tungsten clad during its 838 hr at 1800°C. Samples D3-;2 and D3-3
~ (vapor-deposited tungsten-clac hypo stoichiometriéfEJC) will be prepared and

the studies initiated at 1800°C. <L

5. Fabriéation Development. .

The main efforts will be in the fabrication of the samples of the clad

irradiation capsule. ‘ -
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Temperature { QC )
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\

RAFT moved in first time

Thermocouple No., 10 reading,

Thermecouple in top pin
{low density pin)

10 15 20 z5
Days of March, 1963

Fig. 2--Temperatures of rins in the unclad carbide capsufe.
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RAFT moved in first time
N
1800 | \\ .
/ N
1750 \\
1700} SN
1650} //’J \\
1600]. ; o
!7 /A'\
15500
_ /
°3 1500L Thermoccuple No. 9 reading, Fig. 2 (b)
y . Thermocouple in middle pin
43, 1450; (high density pin)
g
14004
g \
- \
1350} , \
: S B
1300} | \\‘
|
. l \
1250;
% L
1200 ! . 3y o i il " "
1 5 10 15 20 2 36
Days of March, 1963
Fig. 2{cont.)--Temperatures of pins in the unclad carbide capsule.
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RAFT moved in first time

1750} |
15001
1650}
N
1600{ \ S . |
\ /N
~ 1550 ! i Lo Fig. 2 (c)
3 JEa ) \
o_ ‘.‘ A
& 1500} / SN
3
E o
2 14504 Thermocouple No. 8 reading,
% . Top thermocouple. in bottom pin -
& 1400 (medium density pin)
- lBSJ N . N . . . -
- o1 5 10 15 20 25 30
Days of March, 1963
RAFT moved in first time
1800,
175¢ -
- - I\
1704 I/"‘\ -
1650 i ' '
] \ ‘
_ j et ¢
160d ! : :
] ! Thermocouple No, 7 reading, Fig.2 (d)
i l’ Bottom thermocouple in
06 ‘5“} . ! bottom pin (medium density pin) -
é’ 1500 . i}
2 a .
¢ ' ~
a 1450 T ——
!
F.: -
) ) _ 140 .
. P
" 1350 . ! . X , .
1 5 10 15 20 25 300 T

Fig. 2(cont.)--Temperatures of pins in the unclad carbide capsule.

Days of March, 1963
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